
(19) United States 

DiCarlo 

US 20040098093A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0098093 A1 
(43) Pub. Date: May 20, 2004 

(54) MONITORING SYSTEM FOR REMOTE 
DETECTION OF ENDOLEAKS AND/OR 
CHANGES IN MORPHOLOGY OF 
IMPLANTED ENDOLUMINAL DEVICES 

(76) 

(21) 

(22) 

(62) 

Inventor: Paul DiCarlo, Middleboro, MA (US) 

Correspondence Address: 
RATNERPRESTIA 
P O BOX 980 
VALLEY FORGE, PA 19482-0980 (US) 

Appl. No.: 

Filed: 

Related US. Application Data 

Division of application No. 09/896,864, ?led on Jun. 
29, 2001, noW Pat. No. 6,702,847. 

Aug. 6, 2003 

ammmnmqamn 

Publication Classi?cation 

(51) Int. Cl? . ..... ..A61F 2/06 
(52) Us. 01. .......................................................... ..623/1.13 

(57) ABSTRACT 

An endoluminal device including a prosthesis and at least 
one indicator member af?xed to the prosthesis that can be 
remotely monitored to indicate a change in pressure or 
morphology of the prosthesis. The indicator member may be 
an optical ?ber, a strain gauge, or a ?rst material having a 
?rst magnetic resonance imaging (MRI) susceptibility value 
that contrasts With a second MRI susceptibility value of a 
second material that comprises one or more remaining 
members of the prosthesis. A prosthesis monitoring system 
includes an endoluminal device as Well as a subcutaneous 
electronics package and external electronics. Methods of 
detecting endoleaks or changes in morphology involve 
implanting an endoluminal device With the indicator and 
detecting information from the indicator. 
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MONITORING SYSTEM FOR REMOTE 
DETECTION OF ENDOLEAKS AND/OR CHANGES 

IN MORPHOLOGY OF IMPLANTED 
ENDOLUMINAL DEVICES 

TECHNICAL FIELD 

[0001] This invention relates generally to endoluminal 
devices, such as stents, grafts, and/or prostheses and, more 
speci?cally, to the detection of endoleaks or changes in 
morphology after implantation of a prosthesis. 

BACKGROUND OF THE INVENTION 

[0002] A stent is an elongated device used to support an 
intraluminal Wall. In the case of a stenosis, a stent provides 
an unobstructed conduit for blood in the area of the stenosis. 
Such a stent may also have a prosthetic graft layer of fabric 
or covering lining the inside or outside thereof, such a 
covered stent being commonly referred to in the art as an 
intraluminal prosthesis, an endoluminal or endovascular 
graft (EVG), or a stent-graft. 

[0003] A prosthesis may be used, for example, to treat a 
vascular aneurysm by removing the pressure on a Weakened 
part of an artery so as to reduce the risk of rupture. Typically, 
a prosthesis is implanted in a blood vessel at the site of a 
stenosis or aneurysm endolumninally, ie by so-called 
“minimally invasive techniques” in Which the prosthesis, 
restrained in a radially compressed con?guration by a sheath 
or catheter, is delivered by a deployment system or “intro 
ducer” to the site Where it is required. The introducer may 
enter the body through the patient’s skin, or by a “cut doWn” 
technique in Which the entry blood vessel is exposed by 
minor surgical means. When the introducer has been 
threaded into the body lumen to the prosthesis deployment 
location, the introducer is manipulated to cause the prosthe 
sis to be ejected from the surrounding sheath or catheter in 
Which it is restrained (or alternatively the surrounding sheath 
or catheter is retracted from the prosthesis), Whereupon the 
prosthesis expands to a predetermined diameter at the 
deployment location, and the introducer is WithdraWn. Stent 
expansion may be effected by spring elasticity, balloon 
expansion, or by the self-expansion of a thermally or stress 
induced return of a memory material to a pre-conditioned 
expanded con?guration. Various types of stent architectures 
are knoWn in the art, including many designs comprising a 
?lament or number of ?laments, such as a Wire or Wires, 
Wound or braided into a particular con?guration. 

[0004] One common application for the implantation of 
prostheses is for treatment of abdominal aortic aneurysms 

AAA stents are typically placed into the aorta and 
iliac bifurcation With a covering to isolate the aneurysm 
from the blood. After the aneurysm has been isolated for 
some time, endoleaks may occur due to Worn fabric or other 
reasons. Because the isolated aneurysm has become Weak as 
a result of being isolated, once the leak starts, blood How and 
pressure is sloWly restored to the aneurysm, and the aneu 
rysm may rupture. Currently, leaks are detected during 
folloW-up angiograms and MRIs, but if the folloW up visit 
does not coincide With the duration of time Within Which the 
leak must be treated, the undetected endoleak may result in 
a ruptured aneurysm that is fatal to the patient. Another 
method of detecting an endoleak is checking the aortic 
pressure With respect to the aneurysm sac pressure. This can 
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be accomplished by introducing a pressure-sensing needle 
into the aneurysm sac through the skin While checking the 
aortic pressure using an invasive procedure. 

[0005] In addition to endoleaks, other problems may also 
ensue after implantation of a prosthesis that can cause 
problems if undetected. For example, after the aneurysm is 
isolated, the morphology of the prosthesis may change as the 
aneurysm shrinks. The changing morphology may lead to 
iliac occlusions that occur With little to no foreWarning. 
Current non-invasive monitoring techniques are not alWays 
successful in detecting such changing morphology. 

[0006] Thus, there is a need in the art to provide non 
invasive means of detecting endoleaks and/or the changing 
morphology of implanted prostheses. 

SUMMARY OF THE INVENTION 

[0007] The invention comprises an endoluminal device 
comprising a prosthesis having at least one indicator mem 
ber af?xed to the prosthesis, such as Woven into or attached 
to the stent or graft or sandWiched therebetWeen, that is 
adapted to be remotely monitored to indicate a change in 
pressure or morphology of the prosthesis. The indicator 
member may comprise an optical ?ber, a strain gauge, or a 
?rst material having a ?rst magnetic resonance imaging 
(MRI) susceptibility value that contrasts With a second MRI 
susceptibility value of a second material that comprises one 
or more remaining members of the prosthesis. 

[0008] The invention also comprises a prosthesis moni 
toring system, and a subassembly therefor, comprising a 
prosthesis for implantation in a lumen, the prosthesis com 
prising at least a ?rst optical ?ber member having a ?rst end 
af?xed to the prosthesis and a second end. The system 
further comprises means for sending an input optical signal 
through the optical ?ber and receiving an output optical 
signal, such means attached to the ?rst optical ?ber second 
end. A transmitter may be used to transfer the information 
related to the return signal to a remote receiver. Where the 
prosthesis is deployed to isolate an aneurysm having an 
aneurysm sac, the system may further comprise a second 
optical ?ber having a ?rst end deployed in the aneurysm sac 
and a second end connected to the means sending signals. 
The means for sending/receiving signals and the transmitter 
may be subcutaneously implanted, thus forming an implant 
able subassembly. The subassembly may further comprise a 
subcutaneously implantable battery for supplying poWer to 
the system and a remotely-activatable, subcutaneously 
implantable sWitch for turning poWer on and off to the 
system from the battery. The subassembly may cooperate 
With external electronics for displaying the data externally. 
The ?rst optical ?ber may be con?gured to measure bending 
of the optical ?ber, or the ?rst, and optionally the second, 
optical ?ber may be con?gured to measure pressure at the 
?rst end of the optical ?ber. 

[0009] The invention further comprises a prosthesis moni 
toring system at least partially implantable Within a body for 
detecting a change in morphology of an implanted prosthe 
sis. The morphology change detection system comprises an 
indicator af?xed to the prosthesis and adapted to indicate the 
change in morphology in a remotely measurable manner, 
and remote monitoring means for detecting the indication of 
the change in morphology indicated by the indicator. In one 
embodiment, the indicator may comprise at least one mem 
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ber integral to the prosthesis that has a ?rst magnetic 
resonance imaging (MRI) susceptibility value that contrasts 
With a second MRI susceptibility value of a second material 
that comprises one or more remaining members of the 
prosthesis, the member having a con?guration adapted to 
change in response to the change in morphology. In this 
embodiment, the remote monitoring means comprises a 
MRI device adapted to detect the con?guration of the 
member. In other embodiments, the system comprises an 
implantable optical ?ber for conveying information from the 
indicator to the remote monitoring means. 

[0010] The invention also comprises a prosthesis moni 
toring system at least partially implantable Within a body for 
detecting an endoleak in an implanted prosthesis. The 
endoleak detection system comprises an implantable indi 
cator adapted to indicate a change in pressure attributable to 
an endoleak and remote monitoring means for detecting the 
indication of the change in pressure provided by the indi 
cator. The indicator may be af?xed to the prosthesis, such as 
a strain gauge or the indicator may be adapted to be 
deployed in or on the aneurysm sac. In one embodiment, the 
indicator comprises a ?rst optical ?ber member adapted to 
be mounted in the aneurysm sac to detect pressure and the 
system further comprises means for sending at least a ?rst 
input optical signal and receiving at least a ?rst output 
optical signal through at least the ?rst optical ?ber. In one 
embodiment, the indicator consists only of the pressure 
detecting optical ?ber member in the aneurysm sac, but in 
another embodiment, the indicator comprises at least a 
second pressure-detecting optical ?ber member af?xed to 
the prosthesis. In this embodiment, the signal means is 
further adapted to send a second input optical signal and 
receive a second output optical signal through the second 
optical ?ber. 

[0011] The invention also comprises methods for using the 
systems described herein. A method for detecting a change 
in morphology of a prosthesis implanted Within a body 
comprises implanting the prosthesis in a lumen of the body, 
the prosthesis comprising an indicator af?xed thereto and 
adapted to indicate the change in morphology of the pros 
thesis. The change in morphology indicated by the indicator 
is detected by remote monitoring means outside the body. 
Where the indicator comprises a ?rst MRI-susceptible mate 
rial that contrasts With a second MRI-susceptible material 
that comprises one or more remaining members of the 
prosthesis, the monitoring step comprises ?rst using an MRI 
device to perform a ?rst MRI procedure and record a result 
thereof as a baseline morphology. Then, the MRI device is 
used to perform a subsequent MRI procedure, and a result of 
the subsequent MRI procedure is compared to the baseline 
morphology to determine if there has been any change in 
morphology. 

[0012] A method for detecting an endoleak in an 
implanted prosthesis comprises the steps of implanting the 
prosthesis in a body lumen and implanting a monitoring 
system comprising an indicator for detecting a change in 
aneurysm sac pressure, the indicator in communication With 
means for conveying information from the indicator to a 
remote monitor outside the body. The method further com 
prises activating the monitoring system to cause the indica 
tor to communicate With the means for conveying and to 
cause the means for conveying to transmit information to the 
remote monitoring means. The method may comprise 
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implanting the prosthesis to isolate an aneurysm that com 
prises an aneurysm sac, and deploying a ?rst optical ?ber in 
the aneurysm sac. 

[0013] Where the indicator consists only of the ?rst optical 
?ber, the method may further comprise periodically moni 
toring pressure measured using the ?rst optical ?ber over a 
period of time suf?cient to establish a baseline pro?le and 
then monitoring changes from the baseline pro?le, interpret 
ing a change from the baseline pro?le greater than a thresh 
old value as an indication of an endoleak. Where the 
prosthesis further comprises a second optical ?ber integral to 
the stent and coupled to the monitoring system, the method 
may further comprise periodically monitoring a differential 
pressure betWeen the ?rst optical ?ber and the second optical 
?ber and interpreting a change in the differential pressure 
greater than a threshold pressure as an indication of an 
endoleak. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] The invention is best understood from the folloW 
ing detailed description When read in connection With the 
accompanying draWing. It is emphasiZed that, according to 
common practice, the various features of the draWing are not 
to scale. On the contrary, the dimensions of the various 
features are arbitrarily expanded or reduced for clarity. 
Included in the draWing are the folloWing ?gures: 

[0015] FIG. 1 is a longitudinal cross-sectional illustration 
of an aneurysm in a lumen and an exemplary endoluminal 
device of the present invention implanted therein and an 
exemplary monitoring system of the present invention 
installed to monitor the implanted device. 

[0016] FIG. 2 is a schematic illustration of an exemplary 
?ber optic monitoring system of the present invention, 
shoWing exemplary subcutaneous electronics and external 
electronics. 

[0017] FIG. 3 is an illustration shoWing exemplary ?ber 
optic placement on an aneurysm sac. 

[0018] FIG. 4 is an illustration shoWing exemplary ?ber 
optic placement on a prosthesis. 

[0019] FIG. 5 is an illustration of an optical ?ber or an 
MRI-susceptible ?ber Woven into a graft or stent. 

[0020] FIG. 6 is a longitudinal cross-sectional illustration 
of an optical ?ber sandWiched betWeen the graft and stent of 
a prosthesis. 

[0021] FIG. 7A is an illustration shoWing an exemplary 
strain gauge on a prosthesis and FIG. 7B is an enlarged 
portion of FIG. 7A shoWing the details of the strain gauge. 

[0022] FIG. 8 is a schematic illustration of exemplary 
subcutaneous electronics for use With a strain gauge. 

[0023] FIG. 9 is an illustration shoWing an exemplary 
embodiment including a strain gauge implanted on an aneu 
rysm sac. 

[0024] FIG. 10 is a cross-sectional illustration shoWing a 
strain gauge sandWiched betWeen the graft and stent of a 
prosthesis. 

DETAILED DESCRIPTION OF INVENTION 

[0025] The invention Will next be illustrated With refer 
ence to the ?gures Wherein similar numbers indicate the 
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same elements in all ?gures. Such ?gures are intended to be 
illustrative rather than limiting and are included hereWith to 
facilitate the explanation of the apparatus of the present 
invention. 

[0026] One aspect of this invention may generally be 
described as an endoluminal device comprising a prosthesis 
and at least one indicator member affixed to the prosthesis 
that is adapted to be remotely monitored to indicate a change 
in pressure or morphology of the prosthesis. As used herein, 
the term “af?xed” shall mean attached in any Way such as 
made integral With or appended after individual assembly. 
Another aspect of the invention comprises a prosthesis 
monitoring system at least partially implantable Within the 
body (or an implantable “subassembly”) for detecting a 
change in morphology of an implanted prosthesis. The 
system generally comprises an indicator directly attached to 
the prosthesis for indicating the change in morphology of the 
prosthesis in a remotely measurable manner; and remote 
monitoring means for detecting the indication of the change 
in morphology provided by the indicator. 

[0027] Yet another aspect of the invention comprises a 
prosthesis monitoring system at least partially implantable 
Within a body for detecting an endoleak in an implanted 
prosthesis. The system comprises an implantable indicator 
for indicating a change in pressure attributable to an 
endoleak and remote monitoring means for detecting the 
indication of the change in pressure provided by the indi 
cator. 

[0028] These various general aspects of the invention may 
be best understood in light of a number of exemplary 
embodiments. For example, the indicator member may 
comprise an optical ?ber, a strain gauge, or a ?rst material 
having a ?rst magnetic resonance imaging (MRI) suscepti 
bility value that contrasts With a second MRI susceptibility 
value of a second material that comprises one or more 
remaining members of the prosthesis. Each embodiment has 
a number of possible con?gurations and methods for using 
the con?guration, examples of Which are presented beloW 
for illustration Without limitation. 

Optical Fiber Embodiments 

[0029] FIG. 1 shoWs a partial cross section of an endolu 
minal device 20 according to the present invention. Endolu 
minal device 20 includes a prosthesis 10 implanted Within a 
lumen 100 to repair an aneurysm 102 and a ?ber optic sensor 
22a at the distal end 14a of an optical ?ber 12a. Device 20 
is part of an internal monitoring system, Which is implanted 
to monitor prosthesis 10 and aneurysm 102. Proximal end 
16a of ?ber 12a is disposed outside of lumen 100 and is 
attached to subcutaneous electronics package 35, Which is 
attached beloW skin 33 of the patient. The mounting location 
for subcutaneous electronics may be the abdomen, chest, or 
any location Where the electronics may be comfortably and 
safely mounted on or Within a patient. 

[0030] FIG. 2 schematically illustrates exemplary elec 
tronic components of an exemplary prosthesis monitoring 
system 18, including an exemplary subcutaneous electronics 
package 35. Subcutaneous electronics package 35 comprises 
a light source 24 for sending a signal doWn optical ?ber 12a 
and a spectrometer 26 to receive the return signal from optic 
sensor 22a. Coupler 25 alloWs the same ?ber to be used for 
both sending and receiving optical signals. Light source 24 
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may comprise any light source suitable for use With an 
optical ?ber as is knoWn in the art, such as a light emitting 
diode (LED) or a laser source. Although the optical signal 
generated by such light sources is typically a signal visible 
to the human eye, a light signal of any Wavelength may be 
used. Although light source 24, coupler 25, and spectrometer 
26 are shoWn in the embodiment in FIG. 2, any suitable 
means or components for sending and receiving a signal 
through an optical ?ber may be used. Optical ?ber 12a is 
connected to subcutaneous electronics package 35 by tWo 
part connector 23, one part 23a of the connector mounted to 
the electronics package and the mating part 23b mounted to 
?ber 12a. 

[0031] The internal monitoring system further comprises a 
telemetric transmitter 28 in communication With spectrom 
eter 26 for transferring information to a remote receiver 30. 
Transmitter 28 may transmit any type of signal capable of 
traveling through human skin, such as an electromagnetic 
signal or an optical signal. Light source 24, spectrometer 26, 
and output transmitter 28 are poWered by a battery 32. To 
conserve energy, implanted battery 32 can be turned on and 
off via remotely-activatable sWitch 34, such as a magnetic 
sWitch, also knoWn as a Hall-effect sensor. AsWitch operated 
by electromagnetic Waves transmissible through the skin, or 
any other type of remotely-activatable sWitch may also be 
used. 

[0032] Prosthesis monitoring system 18 further comprises 
external electronics 21, including remote receiver unit 130 
and data processor 31, Which may be separate units con 
nected by cable 104 and connectors 106 as shoWn in FIG. 
2, or a single unit (not shoWn). Remote receiver unit 130 
comprises a bar magnet 40 Which is used in conjunction With 
round magnets 42 in subcutaneous electronics 35 to align 
remote receiver 30 over transmitter 28 and to activate 
magnetic sWitch 34. Data processor 31 comprises an analog 
to-digital (a/d) converter 44 for converting analog informa 
tion received by receiver 30 into digital information that 
may be stored in central processing unit (CPU)/memory unit 
46. Data processor 31 further comprises a display driver 47 
and a corresponding display 48, as Well as a battery 49 for 
poWering the data processor. The internal components of 
data processor 31 may comprise more or feWer components 
than shoWn in FIG. 2, hoWever, and may include any 
number of components necessary to convert the signal 
received by receiver 30 to a usable form for monitoring the 
prosthesis. 

[0033] The information transferred by output transmitter 
28 may be raW information relating to the signal received by 
spectrometer 26, or subcutaneous electronics 35 may 
include an a/d converter and/or a CPU/memory unit to 
enable the subcutaneous system to analyZe data continu 
ously or on some periodic basis, and log that data and/or 
analysis. Implantable devices for monitoring physiological 
events are knoWn generally in the art, as described in US. 
Pat. No. 5,987,352 to Klein et al., incorporated herein by 
reference. Where data analysis is continuously performed, it 
may not be desirable for subcutaneous electronics to have a 
sWitch 34, but instead to have a battery charger to alloW 
recharging of battery 32 from outside the body inductively 
or through the use of electromagnetic energy. A recharging 
port may also protrude through the patient’s skin to alloW a 
direct connection. SWitchless operation and battery recharg 
ing capability may be provided for systems even Without 
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continuous data monitoring capability, if desired. Further 
more, in yet another embodiment, the poWer to run the light 
source, spectrometer, and output transmitter may be trans 
mitted from an external source by any of the same processes 
by Which a battery may be recharged. 

[0034] In an alternative embodiment, there may be no 
subcutaneously-mounted poWer supply, but instead a sub 
cutaneous connection port 27 (shoWn With dashed lines in 
FIG. 1) may be accessible from outside the body, such as 
through or othera percutaneous access device may be . In 
particular, a percutaneous access device such as is described 
in a US. patent application entitled “Percutaneous Access,” 
to Brett Haarala and Paul DiCarlo (attorney docket no. 
BSC-179), assigned to the assignee of this application, ?led 
on the same date as this application, and incorporated herein 
by reference, may be provided. Connection port 27 may be 
protrude through the cover of the percutaneous access 
device, or be accessible by opening the cover of the device. 
Other subcutaneous data ports knoWn in the art, for eXample, 
as described in US. Pat. No. 5,205,286 to Soukup et al., 
incorporated herein by reference, may also be used . In an 
embodiment that includes a subcutaneous connection port or 
percutaneous access device, remote monitoring device 30 
may connect directly to the subcutaneous electronics pack 
age via the connection port, sending poWer to light source 
24, Which sends an input optical signal through optical ?ber 
12a, Which returns an output optical signal that is read by 
spectrometer 26, Which provides a signal that is received 
directly by the remote monitoring device through the con 
nection port. In this Way, information from the subcutaneous 
electronics is communicated to the remote monitoring 
device. Thus, part or all of the electronics of the present 
invention may be contained in the cavity de?ned by the 
housing of the percutaneous access device described in the 
Haarala and DiCarlo application. The electronics may be 
fully contained in the percutaneous access device, With a 
transmitter 28 such as shoWn in FIG. 2 for transmitting a 
data signal, or may only be partially contained, With a 
physical connection for transmitting data or poWer protrud 
ing through the cover of the device or accessible by opening 
the device. 

[0035] In yet another embodiment, only connector 23b 
and a portion of optical ?ber 12a (or connector 23b alone) 
may protrude from the body or be housed in or accessible 
through the cover of a percutaneous access device. In such 
an embodiment, an eXternal light source similar to light 
source 24 may be used to emit a signal to an optic sensor 22a 
via the optical ?ber itself, and With the spectrometer 26 
serving to receive the signal back from the optic sensor. 
Such a system avoids the need for a transmitter and a 
receiver, as the information may be directly transferred 
through optical ?ber 12a. 

[0036] Endoleak Detection 

[0037] For detection of endoleaks, optical sensor 22a at 
distal end 14a of optical ?ber 12a, as shoWn in FIG. 1, may 
comprise a pressure transducer. Optical-?ber-based pressure 
transducers are knoWn in the art, for example, as manufac 
tured by R] C Enterprises of Woodinville, Wash.; as 
described in US. Pat. No. 6,052,613 to Takaki and assigned 
to Terumo Cardiovascular Systems Corporation of Somer 
set, N.J. ; or as described in “Fiber-optic Transducer Aids 
Heart Monitoring,”Engineering News, Jun. 7, 1999, both of 
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Which are incorporated herein by reference. Amodel FOP-M 
in-vivo pressure sensor, manufactured by FISO Technolo 
gies, of Quebec, Canada, may also be particularly useful for 
the application of this invention. 

[0038] In the eXemplary embodiment shoWn in FIG. 1, 
optical ?ber 12b is implanted With its distal end 14b 
mounted in aneurysm sac 102 of aneurysm 102 and proXi 
mal end 16b connected to subcutaneous electronics package 
35. Optical ?ber 12b in aneurysm sac 102 may be implanted 
laproscopically. Fiber optic sensor 22b measures the pres 
sure in aneurysm sac 102, and this information is gathered 
and processed in similar fashion to the information collected 
by sensor 22a. Although not shoWn in FIG. 2, ?ber 12b may 
have an independent signal emitter/receiver device or 
assembly similar to light source 24, coupler 25, and spec 
trometer 26, or electronics 35 may comprise a single light 
source With multiple channels and a single spectrometer 
With multiple channels to serve multiple ?bers, each ?ber 
having an associated coupler. Accordingly, the subcutaneous 
electronics may have a separate transmitter for each ?ber, or 
a single transmitter that transmits multiple channels of 
information simultaneously. In embodiments including data 
processing elements such as the a/d converter 44 and CPU/ 
memory 46 Within subcutaneous electronics 35, a single 
channel of information may be transmitted, With bursts of 
information corresponding to the reading from each ?ber 
transmitted sequentially, or composite information taken 
from both ?bers, such as differential pressure information, 
may be transmitted. 

[0039] In an embodiment such as shoWn in FIG. 1 having 
both optical ?ber 12a integral to prosthesis 10 and an optical 
?ber 12b integral to aneurysm sac 102, the method of 
detecting endoleaks comprises monitoring the differential 
pressure betWeen optic sensor 22a mounted at the end of 
optical ?ber 12a and optic sensor 22b mounted at the end of 
optical ?ber 12b. A differential pressure greater than a 
threshold pressure or a baseline differential pressure may be 
interpreted as an indication of an endoleak. Such a baseline 
or differential pressure may be determined by identifying the 
value of the pressure differential in a body Where it is knoWn 
that no leaking is occurring. 

[0040] In another embodiment, a monitoring system may 
consist of only ?ber 12b (With the associated electronics as 
described above) for measuring only the pressure Within 
aneurysm sac 102. In this embodiment, an initial pressure in 
the aneurysm sac may be measured soon after placement of 
the prosthesis and recorded as a baseline pressure When no 
leaking is occurring. Then, the prosthesis monitoring system 
is used to take subsequent pressure readings, and the read 
ings are compared to the baseline pressure to determine if 
there has been any change in pressure. A change from the 
baseline pro?le greater than a threshold value may be 
interpreted as an indication of an endoleak. 

[0041] In yet another alternative embodiment, shoWn in 
FIG. 3, optical ?ber 312a may be implanted laproscopically 
so that it Wraps around the outer surface of aneurysm 102. 
Spectrometer 26 may be con?gured to detect changes in the 
optical signal caused by bending of the optical ?ber. The use 
of optical ?bers to detect bending of the ?ber is knoWn in the 
art, for eXample as described in “Fiber Optic Sensors and 
Their Applications,” by A. Selvarajan, incorporated herein 
by reference. Optical ?ber 312 may then be monitored to 
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determine if it changes its shape or if pulsatile motion 
(pulsing motion associated With the beating of the heart) is 
detected, either of Which may indicate an endoleak. Addi 
tionally, or in the alternative, one or more optical ?bers 312b 
may be laproscopically implanted longitudinally on the 
outer surface of aneurysm 102 to detect a change in mor 
phology of the aneurysm or pulsatile motion. 

[0042] Thus, a method of detecting an endoleak may 
comprise implanting a prosthesis 10, at least one optical 
?ber, such as 12b (or 12a and 12b), and optionally subcu 
taneous electronics 35. SWitch 34 may be activated to alloW 
poWer to How from battery 32 to activate light source 24 to 
send an input optical signal to ?ber optic sensor(s) 22a 
and/or 22b, each of Which returns an output optical signal 
that is read by spectrometer 26. Spectrometer 26 then 
communicates With output transmitter 28, and the transmit 
ter transmits information to remote receiver 30. Remote 
receiver 30 transmits the information to data processor 31 
Which processes the information. The processed information 
is then used to determine the pressure or differential pres 
sure, including establishing a baseline pressure or baseline 
differential pressure and deviance therefrom to indicate an 
endoleak. In the embodiment shoWn in FIG. 3, the pro 
cessed information is used to determine an aneurysm sac 
morphology baseline and deviance therefrom or to detect 
pulsatile motion to indicate an endoleak. 

[0043] Morphology Change Detection 

[0044] As shoWn in FIG. 4, prosthesis 400 comprises one 
or more optical ?bers 412a-c attached thereto. Optical ?bers 
412a-c may be con?gured to measure bending of the optical 
?ber, Which may be particularly useful for measuring chang 
ing morphology of prosthesis 410. Prosthesis 410 comprises 
an aortic trunk portion 411 and tWo iliac leg portions 413a 
and 413b. The optical ?ber may be Woven into aortic trunk 
portion 411, such as helical ?ber 412a, or in iliac leg portion 
such as circumferential ?ber 412b. A ?ber Wound helically, 
circumferentially, or in any portion of a circumference or 
helix may also be referred to as a “radial ?ber.” Fiber 412c 
that runs along the length of prosthesis 410 may be referred 
to as a “longitudinal” ?ber. Fibers 412a-c may be attached 
in any number of Ways, such as by Weaving the ?bers Within 
the graft or stent of the prosthesis, sandWiching the ?bers 
betWeen the graft and stent, or bonding the ?bers to the graft 
or stent With an adhesive. Methods of attaching the ?bers are 
discussed in more detail beloW. 

[0045] For a prosthesis comprising a graft referring to 
FIG. 5, optical ?ber 512 may be Woven into the graft, With 
element 504 representing a strand of the graft. Similarly, 
element 504 may represent a stent ?lament or strand into 
Which optical ?ber 512 is Woven. Although shoWn as a 
braided architecture in FIG. 5, the stent or graft may 
comprise any architecture knoWn in the art. For a prosthesis 
600 comprising both a graft 604 having an outer surface 610 
and an inner surface 612 relative to lumen Wall 620, and a 
stent 602 also having an outer surface 630 and an inner 
surface 632, the graft may be mounted on the stent inner or 
outer surface, and the optical ?ber may be mounted on the 
inner or outer surface of the graft or the stent. Accordingly, 
although shoWn in an embodiment With optical ?ber 614 
sandWiched betWeen graft 604 and stent 602 in FIG. 6, the 
relationships among the graft, stent, and optical ?ber may be 
any of the possible combinations. 
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[0046] Thus, one exemplary method for detecting a 
change in morphology of a prosthesis implanted Within a 
body may comprise implanting a prosthesis, such as pros 
thesis 400, having an integral optical ?ber, such as any of 
?bers 412a-c, 512, or 612 shoWn in FIGS. 4, 5, and 6, 
respectively, in a lumen, and implanting subcutaneous elec 
tronics, such as electronics 35 as shoWn in FIG. 2, in 
communication With the integral optical ?ber. The informa 
tion provided by endoluminal device 20 is processed by data 
processor 31 to establish a prosthesis morphology baseline 
and deviance therefrom. 

Strain Gauge Embodiments 

[0047] In yet another embodiment, shoWn in FIG. 7A, 
prosthesis 700 may have an indicator that comprises at least 
one strain gauge 702a, or as shoWn in FIG. 9, at least one 
strain gauge 702b may be placed on aneurysm sac 102. 
Strain gauges 702a and 702b each have a poWer lead 704 to 
deliver poWer to the strain gauge and a signal lead 706 to 
transmit the strain reading to the electronics. Any type of 
micro-measurement strain gauge or strain gauge assembly 
suitable for implantation in the human body may be used. An 
exemplary strain gauge assembly 719 having a “rosette” 
design, manufactured by Micro-Flexitronics Limited, of 
Coleraine, Northern Ireland, is shoWn in FIG. 7B. Strain 
gauge assembly 719 comprises a mounting pad 720 on 
Which three individual strain gauges 722, 723, and 724 are 
mounted. Each individual strain gauge comprises a strain 
gauge array 726 and a pair of solder pads 728 to Which leads 
(704 and 706 in FIG. 7A) may be attached. 

[0048] Similar to the optical ?ber embodiments described 
above, the monitoring system for a strain gauge embodiment 
preferably includes subcutaneous electronics, similar to 
electronics 35 shoWn in FIG. 2, and external electronics 21, 
including remote receiver unit 130 and data processor 31. 
For a strain gauge embodiment, hoWever, as shoWn in FIG. 
8, subcutaneous electronics 835 do not include a light 
source, spectrometer, or coupler, but rather merely include 
connectors 823a and 823b and associated Wiring for con 
necting poWer lead 704 to battery 32 via sWitch 34 and 
connectors 824a and 824b and associated Wiring for con 
necting signal lead 706 to output transmitter 28. 

[0049] As With the optical ?ber embodiments, con?gura 
tions including subcutaneous data processing electronics, 
including con?gurations having continuous operation With 
out a sWitch but With a battery recharging mechanism; 
con?gurations Without a subcutaneous battery; con?gura 
tions Without any subcutaneous electronics; or any of the 
various con?gurations discussed above or analogous con 
?gurations may be provided. 

[0050] In an embodiment Without subcutaneous electron 
ics, one or more integral strain gauges may be implanted, 
and a connection port, Which is connected to poWer lead 704 
and a signal lead 706, may protrude from the lumen and/or 
from the skin. The connection port may be housed in or on 
the cover of a percutaneous access device, as described 
above. To take a reading, a remote monitoring device 
including data processing electronics 31 is then attached to 
the connection port, and the monitoring device sends poWer 
doWn poWer lead 704, enabling the strain gauge to take a 
reading, and the reading is received through signal lead 706. 

[0051] Consistent With the general description of the 
invention, in this embodiment, the indicator device is strain 
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gauge 702a or 702b and the signal lead 706 serves to convey 
the signal from the strain gauge to remote monitoring device 
(data processor 31) that is periodically connected to the 
signal lead to take the strain gauge reading. 

[0052] Morphology Change Detection 

[0053] Strain gauges may be used for morphology change 
detection by attaching the strain gauges to or Weaving them 
into the graft in any location along the prosthesis as may be 
desired, such as in the trunk section, iliac section, or in 
multiple locations, just as With the optical ?bers as described 
above and shoWn in FIG. 4. As shoWn in FIG. 10, strain 
gauge 702 and leads 704 and 706 (not shoWn) may be 
sandWiched betWeen graft 902 and stent 904. 

[0054] In an exemplary method for detecting a change in 
morphology of a prosthesis implanted Within a body, the 
method ?rst comprises implanting in a lumen a prosthesis 
having at least one integral strain gauge 702 and implanting 
subcutaneous electronics 835. The method then comprises 
remotely activating sWitch 34 to alloW poWer to How from 
poWer supply 32 to activate strain gauge 702, Which sends 
a signal to transmitter 28, Which transmits information to 
remote monitoring means 30 Which sends the information to 
data processor 31. The information is used to determine a 
baseline morphology of the prosthesis and deviation there 
from. 

[0055] Endoleak Detection 

[0056] For detection of endoleaks, one or more strain 
gauges 702 may be mounted laproscopically on the aneu 
rysm sac 102, as shoWn in FIG. 9. Strain gauges 702 may 
then be monitored to determine if there is a change in the 
morphology of aneurysm sac 102 or to detect pulsatile 
motion of the aneurysm sac, either of Which may indicate an 
endoleak. 

MRI-Susceotible Fiber Embodiment 

[0057] In an embodiment similar to FIG. 5, member 512 
Within graft or stent 504 may be, instead of an optical ?ber, 
a member that has a magnetic resonance imaging (MRI) 
susceptibility value that contrasts With the MRI susceptibil 
ity value of the remaining stent or graft material. As shoWn 
in one embodiment represented by FIG. 5, member 512 is 
a non-redundant ?lament Within graft 504, but may instead 
be a redundant “tracer” that runs alongside an structurally 
integral ?lament of the graft or stent. The term “magnetic 
susceptibility” is a dimensionless ratio Well-known in the 
?eld of MRI, and is comprehensively discussed by Schenck, 
John F., “The Role of Magnetic Susceptibility in Magnetic 
Resonance Imaging: MRI Magnetic Compatibility of the 
First and Second Kinds, ”Mea'. Phys. 23 (6), June 1996, pp. 
815-850, and incorporated herein by reference. 

[0058] For example, if element 504 is a stent comprising 
a material having a positive susceptibility value, such as 
molybdenum having a susceptibility value of 123x106, 
indicator member 512 preferably comprises a material hav 
ing a negative susceptibility value, such as gold having a 
susceptibility value of —34><106. Conversely, if stent 504 
comprises a material having a negative susceptibility value, 
such as Zinc having a susceptibility value of —15.7><106, 
indicator member 512 preferably comprises a material hav 
ing a positive susceptibility value, such as titanium having 
a susceptibility value of 182x106. Thus, as the orientation of 
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indicator member 512 changes in response to changes in 
morphology of stent 504, the change in con?guration may be 
readily detected by MRI techniques. 

[0059] An MRI device may be used for performing a ?rst 
imaging procedure, from Which the results are recorded as a 
baseline morphology. Then, the MRI device may be used to 
perform subsequent imaging procedures, Where the results 
of the subsequent procedures are compared to the baseline 
morphology to determine if there has been any change in 
morphology. 

SUMMARY 

[0060] Although illustrated and described above With ref 
erence to certain speci?c embodiments, the present inven 
tion is nevertheless not intended to be limited to the details 
shoWn. Rather, various modi?cations may be made in the 
details Within the scope and range of equivalents of the 
claims and Without departing from the spirit of the invention. 

[0061] For example, a prosthesis of this invention may be 
any such prosthesis having at least one indicator member 
integral to the prosthesis that is adapted to be remotely 
monitored to indicate a change in pressure or morphology of 
the prosthesis. The prosthesis may comprise any stent, graft, 
or stent-graft architecture knoWn in the art, and is not limited 
to the exemplary designs shoWn herein. Although optical 
?bers, strain gauges, and MRI-susceptible ?bers are pre 
ferred embodiments, the indicator member may be any 
member capable of providing the desired result. 

[0062] Similarly, the prosthesis monitoring systems may 
comprise any indicator device or assembly af?xed to the 
prosthesis and/or mounted on the aneurysm sac to provide 
the desired indication. Although optical ?bers, strain gauges, 
and MRI-susceptible ?bers are preferred indicators, any 
means capable of providing the desired result may be used. 
Particular types of strain gauges and optical ?ber sensors or 
technologies are presented herein only as examples, and are 
not intended to be limiting. Particular con?gurations of the 
subcutaneous and external electronics are also presented 
herein as exemplary embodiments and are also not intended 
to be limiting, as any Workable combination of electronics 
may be used to transfer information from the implanted 
indicators to the remote monitoring means as are knoWn in 
the art. 

[0063] Finally, the invention is not limited to the particular 
methods of analyZing information provided by the monitor 
ing systems discussed herein. Any of the various combina 
tions of components may be used to provide monitoring 
information that may be used hoWever it is deemed ?t to 
indicate changing prosthesis morphology and endoleaks. 
Finally, the prosthesis monitoring system may have other 
useful bene?ts beyond endoleak and morphology-change 
monitoring, and thus, the invention is not limited to any 
particular use. 

What is claimed: 
1. An endoluminal device comprising a prosthesis and at 

least one indicator member af?xed to the prosthesis, Wherein 
the indicator member is adapted to be remotely monitored to 
indicate a change in pressure or morphology of the prosthe 
sis. 

2. The device of claim 1 Wherein the indicator member 
comprises an optical ?ber, a strain gauge, or a ?rst material 
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having a ?rst magnetic resonance imaging (MRI) suscepti 
bility value that contrasts With a second MRI susceptibility 
value of a second material that comprises one or more 
remaining members of the prosthesis. 

3. The device of claim 2 Wherein the prosthesis comprises 
a stent and the indicator member is Woven into the stent. 

4. The device of claim 3 Wherein the stent comprises an 
aortic trunk and at least one iliac leg and the indicator 
member is Woven into the at least one iliac leg. 

5. The device of claim 1 Wherein the prosthesis comprises 
a graft. 

6. The device of claim 5 Wherein the indicator member is 
Woven into the graft. 

7. The device of claim 1 Wherein the prosthesis comprises 
a graft and a stent and the indicator member is sandWiched 
betWeen the graft and the stent. 

8. The device of claim 2 Wherein the indicator member 
comprises the optical ?ber or the ?rst MRI-susceptible 
material and runs longitudinally along the prosthesis. 

9. The device of claim 2 Wherein the indicator member 
comprises the optical ?ber or the ?rst MRI-susceptible 
material and runs helically, circumferentially, or radially 
along the prosthesis. 

10. A subassembly of a prosthesis monitoring system 
comprising: 

a prosthesis for implantation in a lumen; 

at least a ?rst optical ?ber member having a ?rst end 
af?Xed to the prosthesis and a second end; 

a light source in communication With the ?rst optical ?ber 
at the second end for sending an input optical signal 
through the optical ?ber; 

a spectrometer in communication With the ?rst optical 
?ber at the second end for receiving an output optical 
signal from the optical ?ber; and 

a transmitter responsive to the spectrometer for transmit 
ting information related to the output optical signal. 

11. The subassembly of claim 10 Wherein the prosthesis is 
deployed to isolate an aneurysm having an aneurysm sac, the 
system further comprising: 

a second optical ?ber having a ?rst end disposed in or on 
the aneurysm sac and a second end in communication 
With the light source and the spectrometer. 

12. The subassembly of claim 10 Wherein the light source, 
spectrometer, and transmitter comprise subcutaneous elec 
tronics adapted to be subcutaneously implanted. 

13. The subassembly of claim 12 Wherein the subcutane 
ous electronics are adapted to be sutured to a portion of skin. 

14. The subassembly of claim 12 Wherein the transmitter 
is adapted to generate an electromagnetic signal or an optical 
signal transmittable through human skin. 

15. The subassembly of claim 12 Wherein the subcutane 
ous electronics further comprise a battery. 

16. The subassembly of claim 15 Wherein the subcutane 
ous electronics further comprise a remotely-activatable 
sWitch for turning poWer from the battery on and off. 

17. The subassembly of claim 16 Wherein the sWitch is a 
magnetic sWitch. 

18. The subassembly of claim 10 Wherein the ?rst optical 
?ber is con?gured to measure bending of the optical ?ber. 
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19. The subassembly of claim 10 Wherein the ?rst optical 
?ber is con?gured to measure pressure at the ?rst end of the 
optical ?ber. 

20. The subassembly of claim 11 Wherein the ?rst optical 
?ber and the second optical ?ber are each con?gured to 
measure pressure at the ?rst ends of the ?rst and second 
optical ?bers. 

21. A prosthesis monitoring system at least partially 
implantable Within a body for detecting a change in mor 
phology of an implanted prosthesis, the system comprising: 

an indicator af?Xed to the prosthesis for indicating a 
change in morphology of the prosthesis in a remotely 
measurable manner; and 

remote monitoring means for detecting the indication of 
the change in morphology provided by the indicator. 

22. The prosthesis monitoring system of claim 21 Wherein 
the indicator comprises at least one member integral to the 
prosthesis that has a ?rst magnetic resonance imaging (MRI) 
susceptibility value that contrasts With a second MRI sus 
ceptibility value of a second material that comprises one or 
more remaining members of the prosthesis, the member 
having a con?guration adapted to change in response to the 
change in morphology; and the remote monitoring means 
comprises a MRI device adapted to detect the con?guration 
of the member. 

23. The prosthesis monitoring system of claim 21 further 
comprising: 

means for conveying information from the indicator to the 
remote monitoring means. 

24. The prosthesis monitoring system of claim 23 Wherein 
the indicator comprises at least one optical ?ber, the system 
further comprising: 

means, in communication With the means for conveying, 
and for sending an input optical signal and receiving an 
output optical signal from the optical ?ber. 

25. The prosthesis monitoring system of claim 23 Wherein 
the indicator comprises at least one strain gauge. 

26. A prosthesis monitoring system at least partially 
implantable Within a body for detecting an endoleak in an 
implanted prosthesis, the system comprising: 

an implantable indicator for indicating a change in pres 
sure attributable to an endoleak; and 

remote monitoring means for detecting the indication of 
the change in pressure provided by the indicator. 

27. The prosthesis monitoring system of claim 26 Wherein 
the indicator is integral to the prosthesis. 

28. The prosthesis monitoring system of claim 27 Wherein 
the indicator comprises at least one strain gauge. 

29. The prosthesis monitoring system of claim 26 Wherein 
the indicator comprises at least one optical ?ber and the 
system further comprises means for sending an input optical 
signal and for receiving an output optical signal through the 
optical ?ber. 

30. The prosthesis monitoring system of claim 26 Wherein 
the prosthesis is adapted to be deployed to isolate an 
aneurysm having an aneurysm sac and the indicator is 
adapted to be disposed in the aneurysm sac. 

31. The prosthesis monitoring system of claim 26 Wherein 
the prosthesis is adapted to be deployed to isolate an 
aneurysm having an aneurysm sac and the indicator com 
prises a ?rst optical ?ber member adapted to be mounted (a) 
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in the aneurysm sac to detect pressure or (b) on the aneurysm 
sac to detect a change in morphology of the aneurysm 
sac or (b)(ii) pulsatile motion of the sac, and the system 
further comprises means for sending at least a ?rst input 
optical signal and receiving at least a ?rst output optical 
signal through at least the ?rst optical ?ber. 

32. The prosthesis monitoring system of claim 31 Wherein 
the indicator consists of only the ?rst optical ?ber member. 

33. The prosthesis monitoring system of claim 26 Wherein 
the prosthesis is adapted to be deployed to isolate an 
aneurysm having an aneurysm sac and the indicator com 
prises a ?rst optical ?ber member adapted to be mounted in 
the aneurysm sac to detect pressure, and a second optical 
?ber member af?Xed to the prosthesis and that is adapted to 
detect pressure, the system further comprising means for 
sending a ?rst input optical signal and receiving a ?rst output 
optical signal through the ?rst optical ?ber and sending a 
second input optical signal and receiving a second output 
optical signal through the second optical ?ber. 

34. A method for detecting a change in morphology of a 
prosthesis implanted Within a body, the method comprising 
the steps of: 

(a) implanting an endoluminal device in a lumen of the 
body, the device comprising the prosthesis and an 
indicator, af?Xed to the prosthesis and adapted to indi 
cate a change in morphology of the prosthesis; and 

(b) monitoring, from outside the body, the indicator to 
detect the change in morphology. 

35. The method of claim 34 Wherein the indicator com 
prises an indicator member comprising a ?rst material 
having a ?rst magnetic resonance imaging (MRI) suscepti 
bility value that contrasts With a second MRI susceptibility 
value of a second material that comprises one or more 
remaining members of the prosthesis, and step (b) comprises 
(i) using an MRI device to perform a ?rst MRI procedure 
and record a ?rst result thereof as a baseline morphology; (ii) 
using the MRI device to perform a subsequent MRI proce 
dure and record a second result; and (iii) comparing the 
second result of the subsequent MRI procedure to the 
baseline morphology. 

36. The method of claim 34 Wherein the indicator is in 
communication With implantable means for conveying 
information from the indicator, the method further compris 
ing in step (a) implanting the means for conveying Within the 
body, and in step (b) using remote monitoring means com 
municating With the means for conveying information to 
detect the change in morphology indicated by the indicator. 

37. The method of claim 36 Wherein step (a) further 
comprises implanting a poWer supply and a sWitch, and step 
(b) further comprises remotely activating the sWitch to turn 
the poWer on to enable means for sending an input optical 
signal and receiving the output optical signal. 

38. A method for detecting an endoleak in an implanted 
prosthesis, the method comprising the steps of: 
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(a) implanting the prosthesis in a body lumen; 
(b) implanting a monitoring system in the body, the 

system comprising an indicator adapted to detect a 
change in aneurysm sac pressure corresponding to the 
endoleak, the indicator in communication With means 
for conveying information from the indicator to a 
remote monitor outside the body; 

(c) activating the monitoring system to cause the indicator 
to communicate With the means for conveying and to 
cause to means for conveying to convey information to 
the remote monitor. 

39. The method of claim 38 Wherein the indicator com 
prises at least one optical ?ber and the monitoring system 
further comprises means for sending an input optical signal 
and receiving an output optical signal through each optical 
?ber, the method further comprising in step (c) activating the 
means for sending an input optical signal through each 
optical ?ber, each optical ?ber returning the output signal to 
the means for receiving. 

40. The method of claim 39 further comprising in step (a) 
implanting the prosthesis to isolate an aneurysm having an 
aneurysm sac, and in step (b) deploying a ?rst optical ?ber 
in or on the aneurysm sac. 

41. The method of claim 40 Wherein the indicator consists 
of the ?rst optical ?ber implanted in the aneurysm sac and 
adapted to measure pressure, the method further comprising 
in step (c) periodically monitoring pressure measured using 
the ?rst optical ?ber over a period of time suf?cient to 
establish a baseline pro?le and then monitoring changes 
from the baseline pro?le. 

42. The method of claim 41 further comprising interpret 
ing a change from the baseline pro?le greater than a thresh 
old value as an indication of an endoleak. 

43. The method of claim 40 Wherein the indicator consists 
of the ?rst optical ?ber laproscopically mounted on the 
aneurysm sac and adapted to indicate a change in morphol 
ogy of the aneurysm sac, the method further comprising in 
step (c) periodically monitoring the sac morphology indi 
cated by the ?rst optical ?ber over a period of time suf?cient 
to establish a baseline pro?le and then monitoring changes 
from the baseline pro?le. 

44. The method of claim 43 further comprising interpret 
ing a change in the sac morphology greater than a threshold 
change, pulsatile motion of the sac, or a combination thereof 
as an indication of an endoleak. 

45. The method of claim 40 Wherein the prosthesis further 
comprises a second optical ?ber affixed to the prosthesis and 
coupled to the monitoring system, the method further com 
prising in step (c) periodically monitoring a differential 
pressure betWeen the ?rst optical ?ber and the second optical 
?ber. 

46. The method of claim 45 further comprising interpret 
ing a change in the differential pressure greater than a 
threshold pressure as an indication of an endoleak. 

* * * * * 


